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In this paper we investigate theoretically the electronic and optical properties of six based Iridium imidazolylidene complexes (numbered 1a, 1b, 2, 2b, 3, 3b) serving as serious candidates for OLED systems. Computations using methods rooted into DFT and TD-DFT explain the observed optical properties. Observed absorption bands have been assigned and computations of the lowest triplet excited states have been performed. Whereas complexes 1a and 1b are non-emissive in solution, the simulated phosphorescence spectra of complexes 2, 2b 3, 3b taking into account the vibrational contributions to the electronic transitions fit nicely the observed ones. The use of vibronic coupling permitted to reproduce and explain the structured phosphorescence spectrum of complexes 2 and 2b, as well as the absence of such structure for complexes 3 and 3b.

Introduction

In the past decades, transition metal complexes have been extensively studied, especially thanks to their strong ability to luminesce. Furthermore, compounds demonstrating a high emission response to stimuli are of interest for the development of organic light-emitting diodes (OLED) systems or light-emitting cells (LEC). [START_REF] D'andrade | White Organic Light-Emitting Devices for Solid-State Lighting[END_REF][START_REF] Sun | High-efficiency white organic light emitting devices with three separate phosphorescent emission layers[END_REF][START_REF] Chen | A New Heteroleptic Ruthenium Sensitizer for Transparent Dye-Sensitized Solar Cells[END_REF] Among them, iridium complexes possess strong ability to emit light in a large energetic range. [START_REF] Schulze | Near-IR Phosphorescent Ruthenium(II) and Iridium(III) Perylene Bisimide Metal Complexes[END_REF][START_REF] Angelis F De | Spectroscopic properties of cyclometallated iridium complexes by TDDFT[END_REF][START_REF] Dragonetti | Functionalized styryl iridium (III) complexes as active second-order NLO chromophores and building blocks for SHG polymeric films[END_REF][START_REF] Broeckx | C-H activation of 2,4,6-triphenylphosphinine: synthesis and characterization of the first homoleptic phosphinine-iridium(III) complex fac-[Ir(C^P)3][END_REF][START_REF] Sun | Smart responsive phosphorescent materials for data recording and security protection[END_REF][START_REF] Vazart | Validation of a computational protocol to simulate near IR phosphorescence spectra for Ru(II) and Ir(III) metal complexes[END_REF][START_REF] Latouche | TD-DFT Benchmark on Inorganic Pt(II) and Ir(III) Complexes[END_REF] Furthermore, iridium, ruthenium or platinum complexes are among the most investigated compounds and numerous studies from both the experimental and computational sides have been reported due to their strong ability to be embedded in devices. [START_REF] Schulze | Near-IR Phosphorescent Ruthenium(II) and Iridium(III) Perylene Bisimide Metal Complexes[END_REF][START_REF] Angelis F De | Spectroscopic properties of cyclometallated iridium complexes by TDDFT[END_REF][START_REF] Sun | Smart responsive phosphorescent materials for data recording and security protection[END_REF][START_REF] Vazart | Validation of a computational protocol to simulate near IR phosphorescence spectra for Ru(II) and Ir(III) metal complexes[END_REF][START_REF] Latouche | TD-DFT Benchmark on Inorganic Pt(II) and Ir(III) Complexes[END_REF][START_REF] Heinze | Resonance Raman Studies of Bis(terpyridine)ruthenium(II) Amino Acid Esters and Diesters[END_REF][START_REF] Bhuiyan | Synthesis and Photophysical Properties of Zeolite-Entrapped Bisterpyridine Ruthenium(II). Dramatic Consequences of Ligand-Field-State Destabilization[END_REF][START_REF] Muhavini Wawire | Density-functional study of luminescence in polypyridine ruthenium complexes[END_REF][START_REF] Bergeron | Reductive Electron Transfer Quenching of MLCT Excited States Bound To Nanostructured Metal Oxide Thin Films[END_REF][START_REF] Johansson | Distance Dependent Electron Transfer at TiO2 Interfaces Sensitized with Phenylene Ethynylene Bridged RuII-Isothiocyanate Compounds[END_REF][START_REF] Lundqvist | Calculated Optoelectronic Properties of Ruthenium Tris-bipyridine Dyes Containing Oligophenyleneethynylene Rigid Rod Linkers in Different Chemical Environments[END_REF][START_REF] Schoonover | Application of Resonance Raman Spectroscopy to Electronic Structure in Metal Complex Excited States. Excited-State Ordering and Electron Delocalization in Dipyrido[3,2-a:2',3'-c]phenazine (dppz): Complexes of Re(I) and Ru(II)[END_REF] From an experimental point view, it remains challenging and difficult to fully characterize the electronic processes at work within the targeted compounds. As a matter of fact, chemists performing quantum chemical computations are now able to give crucial information on these electronic processes, namely those relevant to excitation and emission phenomena and the nature of the reached excited states, especially thanks to the very recent developments in this area. [START_REF] Latouche | Virtual Eyes Designed for Quantitative Spectroscopy of Inorganic Complexes: Vibronic Signatures in the Phosphorescence Spectra of Terpyridine Derivatives[END_REF][START_REF] Barone | Fully anharmonic IR and Raman spectra of medium-size molecular systems: accuracy and interpretation[END_REF][START_REF] Biczysko | Harmonic and Anharmonic Vibrational Frequency Calculations with the Double-Hybrid B2PLYP Method[END_REF][START_REF] Baiardi | Accurate simulation of Resonance-Raman spectra of flexible molecules: an internal coordinates approach[END_REF][START_REF] Vazart | Vibronic Coupling Investigation to Compute Phosphorescence Spectra of Pt(II) Complexes[END_REF][START_REF] Latouche | High-Accuracy Vibrational Computations for Transition Metal Complexes Including Anharmonic Corrections: Ferrocene, Ruthenocene and Osmocene as test cases[END_REF] Moreover, Density Functional Theory (DFT) and its time dependent extension (TD-DFT) are now routinely used to get both electronic and vibrational information from small organic to large-size organometallic and transition metal complexes systems. [START_REF] Latouche | TD-DFT Benchmark on Inorganic Pt(II) and Ir(III) Complexes[END_REF][START_REF] Green | Covalent Immobilization of Redox-Active Fe(κ2dppe)(η5-C5Me5)-Based π-Conjugated Wires on Oxide-Free Hydrogen-Terminated Silicon Surfaces[END_REF][START_REF] Sahnoune | A Metal-Capped Conjugated Polyyne Threaded through a Phenanthroline-Based Macrocycle. Probing beyond the Mechanical Bond to Interactions in Interlocked Molecular Architectures[END_REF][START_REF] Makhoul | Proton-Controlled Regioselective Synthesis of [Cp*(dppe)Fe-C≡C-1-(η 6 -C 10 H 7 )Ru(η 5 -Cp](PF 6 ) and Electron-Driven Haptotropic Rearrangement of the (η 5 -Cp)Ru + Arenophile[END_REF][START_REF] Green | Synthesis and Characterization of Redox-Active Mononuclear Fe(κ2-dppe)(η5-C5Me5)-Terminated π-Conjugated Wires[END_REF][START_REF] Latouche | Encapsulating Hydrides and Main-Group Anions in d10-Metal Clusters Stabilized by 1,1-Dichalcogeno Ligands[END_REF][START_REF] Liao | A twelvecoordinated iodide in a cuboctahedral silver(I) skeleton[END_REF][START_REF] Latouche | Au-Au chemical bonding induced by UV irradiation of dinuclear gold(I) complexes: a computational study with experimental evidence[END_REF] Indeed, DFT calculations are now accurate enough to predict or confirm the stability or existence of compounds, and they can also explain the luminescent and/or spectroscopic properties of complex systems. [START_REF] Boixel | Second-Order NLO Switches from Molecules to Polymer Films Based on Photochromic Cyclometalated Platinum(II) Complexes[END_REF][START_REF] Jacquemin | TD-DFT Performance for the Visible Absorption Spectra of Organic Dyes: Conventional versus Long-Range Hybrids[END_REF][START_REF] Steffen | Fluorescence in Rhoda-and Iridacyclopentadienes Neglecting the Spin-Orbit Coupling of the Heavy Atom: The Ligand Dominates[END_REF][START_REF] Jacquemin | Extensive TD-DFT investigation of the first electronic transition in substituted azobenzenes[END_REF][START_REF] Jacquemin | Thioindigo Dyes: Highly Accurate Visible Spectra with TD-DFT[END_REF][START_REF] Latouche | Computational Chemistry Meets Experiments for Explaining the Behavior of Bibenzyl: A Thermochemical and Spectroscopic (Infrared, Raman, and NMR) Investigation[END_REF][START_REF] Latouche | Shape Modulation of Octanuclear Cu (I) or Ag (I) Dichalcogeno Template Clusters with Respect to the Nature of their Encapsulated Anions: A Combined Theoretical and Experimental Investigation[END_REF][START_REF] Latouche | Anion Encapsulation and Geometric Changes in Hepta-and Hexanuclear Copper (I) Dichalcogeno Clusters: A Theoretical and Experimental Investigation[END_REF][START_REF] Latouche | Switching of excited states in cyclometalated platinum complexes incorporating pyridyl-acetylide ligands (Pt--C [triple bond, length as m-dash] C--py): a combined experimental and theoretical study[END_REF][START_REF] Barone | Gas-phase formation of the prebiotic molecule formamide: insights from new quantum computations[END_REF] In the field of spectroscopy calculations, Vlcek Jr. and Zális among other authors, have shown how DFT and TD-DFT are useful tools to study d 6 metal complexes. [START_REF] Vlček | Modeling of chargetransfer transitions and excited states in d6 transition metal complexes by DFT techniques[END_REF] The computation of the vibrational structure of electronic absorption or emission bands should permit to reproduce more accurately both the position and the band shape of the observed spectra. In this context, Barone and coworkers implemented recently the so called Virtual Multifrequency Spectrometer (VMS) [START_REF] Barone | Implementation and validation of a multi-purpose virtual spectrometer for large systems in complex environments[END_REF][START_REF] Licari | Implementation of a graphical user interface for the virtual multifrequency spectrometer: The VMS-Draw tool[END_REF] which is a powerful, mature and cheap tool to simulate accurately many types of spectra, even when one aims to investigate large systems or a large number of effects (solvent, anharmonicity and Duschinsky couplings). [START_REF] Baiardi | General Time Dependent Approach to Vibronic Spectroscopy Including Franck-Condon, Herzberg-Teller, and Duschinsky Effects[END_REF][START_REF] Muniz-Miranda | Benchmarking TD-DFT against Vibrationally Resolved Absorption Spectra at Room Temperature: 7-Aminocoumarins as Test Cases[END_REF][START_REF] Puzzarini | Accurate Harmonic/Anharmonic Vibrational Frequencies for Open-Shell Systems: Performances of the B3LYP/N07D Model for Semirigid Free Radicals Benchmarked by CCSD(T) Computations[END_REF][START_REF] Barone | Glycine conformers: a never-ending story?[END_REF][START_REF] Bloino | General Approach to Compute Vibrationally Resolved One-Photon Electronic Spectra[END_REF][START_REF] Barone | A fully automated implementation of VPT2 Infrared intensities[END_REF][START_REF] Biczysko | Harmonic and Anharmonic Vibrational Frequency Calculations with the Double-Hybrid B2PLYP Method: Analytic Second Derivatives and Benchmark Studies[END_REF][START_REF] Banerjee | Vibronic Effects on Rates of Excitation Energy Transfer and Their Temperature Dependence[END_REF][START_REF] Hodecker | Simulation of Vacuum UV Absorption and Electronic Circular Dichroism Spectra of Methyl Oxirane: The Role of Vibrational Effects[END_REF][59] Indeed, in the last years, the VMS approach has been used to simulate with high precision anharmonic and phosphorescence spectra of organometallics and transition metal complexes. [START_REF] Vazart | Validation of a computational protocol to simulate near IR phosphorescence spectra for Ru(II) and Ir(III) metal complexes[END_REF][START_REF] Latouche | Virtual Eyes Designed for Quantitative Spectroscopy of Inorganic Complexes: Vibronic Signatures in the Phosphorescence Spectra of Terpyridine Derivatives[END_REF][START_REF] Baiardi | Accurate simulation of Resonance-Raman spectra of flexible molecules: an internal coordinates approach[END_REF][START_REF] Vazart | Vibronic Coupling Investigation to Compute Phosphorescence Spectra of Pt(II) Complexes[END_REF][START_REF] Latouche | High-Accuracy Vibrational Computations for Transition Metal Complexes Including Anharmonic Corrections: Ferrocene, Ruthenocene and Osmocene as test cases[END_REF] New tridentate chelate Ir(III) complexes have been very recently synthesized and characterized by Chi and coworkers [personal communication]. These neutral complexes (Scheme 1) involving bis(imidazolylidene) benzene and 2-(5-trifluoromethyl-1H-pyrazol-3-yl)-6-(2,4-difluorophenyl) pyridine (pzpyF2p) or 2,6-bis(5trifluoromethylpyrazol-3-yl) pyridine (pz2py) ligands, exhibit phosphorescence at short wavelengths very suitable for OLED devices. Interestingly, it is observed that complex 1 does not phosphor in solution, contrarily to complexes 2 and 3, but all complexes emit when suitably processed as films. Moreover, whereas complexes 2 and 2b exhibit a structured emission band, it is not the case for complexes 3 and 3b that exhibit a structureless phosphorescence band. In this paper, we report a full quantum investigation based on DFT and TD-DFT methods of these Ir(III) complexes in order to explain the observed properties and to provide guidance for the design of complexes of technological interest. We first discuss the ground state (GS) characteristics, i.e. the geometric and electronic structures. In a second step we focus our attention on the optical properties. We propose an assignment of the observed absorption band using TD-DFT. Then, the lowest triplet excited state (ES) will be studied. The combinations of these computations together with the aforementioned powerful tools, namely taking into account vibronic couplings, allows us to rationalize the observed properties. Scheme 1. Investigated bis-tridentate Ir(III) complexes.

Computational details

All calculations have been performed at the DFT level of theory employing the G09 suite of programs. [59] On the basis of several previous studies, [START_REF] Vazart | Validation of a computational protocol to simulate near IR phosphorescence spectra for Ru(II) and Ir(III) metal complexes[END_REF][START_REF] Latouche | TD-DFT Benchmark on Inorganic Pt(II) and Ir(III) Complexes[END_REF][START_REF] Vazart | Vibronic Coupling Investigation to Compute Phosphorescence Spectra of Pt(II) Complexes[END_REF] we have chosen the B3PW91 functional to perform the computations. [START_REF] Becke | Density-functional thermochemistry. III. The role of exact exchange[END_REF][61][START_REF] Perdew | Generalized gradient approximation for the exchange-correlation hole of a many-electron system[END_REF] The associated basis set is the socalled LANL2DZ one, including a pseudopotential for [69] Time-Dependent Density Functional Theory (TD-DFT) computations have been performed, using the optimized ground state geometries, to obtain excitations energies and spectra. Then, in order to plot the phosphorescence spectra, vibronic contributions to electronic emission have been considered using the Adiabatic Shift (AS) approach as implemented in the used version of the Gaussian Package. [START_REF] Barone | Implementation and validation of a multi-purpose virtual spectrometer for large systems in complex environments[END_REF][START_REF] Barone | Fully Integrated Approach to Compute Vibrationally Resolved Optical Spectra: From Small Molecules to Macrosystems[END_REF] The optimized geometries and vibration frequencies of the first triplet state have been obtained using unrestricted calculations. Spin-orbit coupling and Herzberg-Teller terms have not been taken into account in the calculations. Orbital visualization has been done using the GaussView [START_REF] Dennington | GaussView[END_REF] program and the orbital composition has been obtained using the AOmix package. [START_REF] Gorelsky | AOMix: Program for Molecular Orbital Analysis[END_REF] The simulated UV-visible and phosphorescence spectra have been respectively plotted using the Swizard [START_REF] Gorelsky | Swizard[END_REF] and the VMS programs. [START_REF] Licari | Implementation of a graphical user interface for the virtual multifrequency spectrometer: The VMS-Draw tool[END_REF] 

Results and discussion

Ground state geometric structures

The optimized geometries are compared with the experimental data (Table 1 and ESI). In this section the discussion of the geometry will focuse on complex 1 but trends are similar for the other compounds. 

Ground state electronic structures and electronic vertical excitations

We now focus our attention on the electronic structures. On the optimized GS geometries, TD-DFT vertical excitations computations have been performed. The charge transfers occurring during excitations for the six complexes are described thanks to their electronic structures. As the pimf and pimb ligands (scheme 1) differ only by replacing a CF3 by a t Bu group on the benzene ring, the properties of their related complexes (e.g. 1, 1b) are relatively similar; therefore the discussion will mainly focuse on complexes 1, 2 and 3. Furthermore, as we found that the frontier orbitals are similar for all complexes, only the molecular orbital (MO) diagram of 1 is discussed (Figure 1; MO diagrams for 1b, 2b and 3b are in ESI)). The highest occupied molecular orbitals (HOMO) are mainly localized on the metal atom (d orbitals) whereas the lowest unoccupied orbitals (LUMO) are π* types localized on the ligands.. One should mention that, as expected, the CF3 moieties are not involved in the frontier orbitals.

Using the GS optimized geometries, TD-DFT calculations have been performed to simulate the electronic absorption spectra based on the vertical excitations, and compared to the experimental ones (Figure 2). The experimental and simulated absorption spectra are in good agreement; both the computed transition energies and intensities fit nicely the experimental data. Furthermore, the observed absorption red shift between complexes 1 and 3 is also well reproduced in the simulations. It turns out that the modulation of the ligand also tunes the absorption bands. Indeed, a small red shift occurs when pimb ligand is used instead of pimf. This trend is also well portrayed in the simulations. In order to assign the transition bands, the MOs compositions are collected in Table S1. and the experimental and calculated electronic transitions are provided in Table 2 and Table 3. All complexes exhibit a very weak absorption band around 400 nm and an intense one between 315 and 345 nm. As it can be seen in scheme 1, complex 2 derives from complex 1 replacing one pyrazolyl ring by a difluorophenyl one, and complex 3 is obtained by substituting the remaining pyrazolyl ring of complex 2 by a second difluorophenyl one. The latter ring being more conjugated, one expects that its contribution to the frontier MOs will be higher than the pyrazolyl ring one, leading to smaller energy gaps between occupied and vacant MOs, thus likely to explain partly the observed red shifts. Indeed, for complex 2 the difluorophenyl contribution appears in HOMO, HOMO-3, LUMO and LUMO+2 whereas the pyrazolyl is involved mainly in LUMO+1 HOMO-2 and HOMO-3. For complex 3 that bears two difluorophenyl, this effect is more important, namely their contribution to the frontier MOs, thus explaining the higher red shift observed for this complex. 

Absorance Wavelength (nm)

Ir-1

Ir-2

Ir-3

From Table 3, it is clear that for complexes 1 and 2 the lowest energy excitations correspond to HOMO → LUMO transitions. It corresponds to a Metal to Ligand Charge Transfer (MLCT). A similar trend is observed for other excitations despite that the HOMO-3, which is localized on the π orbitals of the pyridine ligand, becomes involved for transitions at higher energy. Indeed, it turns out that the highest energy excitations reported for complex 1 is mainly a HOMO-3 to LUMO+1 (82%) transition, whereas for complex 2 it is an admixture of two excitations with a weak involvement of this particular transition (27 %).

Luminescence properties

Experimentally, contrarily to complexes 2 and 3, complex 1 did not exhibit any luminescence signature in solution, but only when processed as a film [to be published].

Complexes 2 and 3 exhibit interesting and different luminescence properties (Figure 2). Indeed complex 2 shows a structured emission band whereas complex 3 possesses a single band. Such difference is a good challenge for state-of-the-art simulations tools. For the reliability of the VMS on phosphorescence spectra, especially on transition metal complexes, has seldom been investigated. [START_REF] Vazart | Validation of a computational protocol to simulate near IR phosphorescence spectra for Ru(II) and Ir(III) metal complexes[END_REF][START_REF] Latouche | TD-DFT Benchmark on Inorganic Pt(II) and Ir(III) Complexes[END_REF][START_REF] Vazart | Vibronic Coupling Investigation to Compute Phosphorescence Spectra of Pt(II) Complexes[END_REF] First, we compute the excited state (ES) geometry. As one can see in Figure 3, the GS and ES geometries of complex 2 are almost identical. On the contrary, the ES and GS geometries of complex 3 show sizeable differences, but they remain similar enough to reasonably allow the vibronic treatment to be performed on these grounds. Experimental spectra shown Figure 2, reveal that complexes 3 and 3b have their absorption and emission maxima redshifted with respect to complexes 2 and 2b. Furthermore, complexes with pimb ligand (2b and 3b) also exhibit a redshift in comparison to complexes with pimf ligand (2 and 3). Figure 4 shows that these trends are nicely reproduced in our simulated spectra. The band maxima of experiment and simulations are also in a good agreement despite a small underestimation (less than 50 nm) of the maxima. Concerning the band shapes, the agreement is noteworthy. In fact, if one inspects the spectra of complexes 2 and 2b, three maxima, one shoulder and a long tail are observed. This band structure is perfectly reproduced in our simulations. It turns out that the relative intensities are also well described in the simulations but the absolute intensities remain underestimated, especially for the second maxima.

Finally, a small red shift is also observed between the absorption bands of complexes 1, 2, 3 and 1b, 2b, 3b, respectively, reminding that the difference between their structures is the substitution of the electron withdrawing CF3 group by the t Bu donating one. Whereas the CF3 group induces a lowering of the LUMO, the t Bu leads to an increase of the HOMO energies, so that their effects are in the same direction regarding the reduction of the HOMO-LUMO energy gap. However, replacing one group by the other one leads to cancel the lowering effect induced by the first one. Considering the observed red shifts, it can be concluded that the effect of the donating group is slightly more important to reduce this gap than the effect of the electron withdrawing group. Indeed, in our case, the HOMO-LUMO gap is reduced by 0.1-0.2 eV when replacing CF3 by t Bu.

Finally, complexes 3 and 3b exhibit a structureless emission band centred around 550 nm. This sharp band is also nicely reproduced in the simulation. The emission spectra of complexes 2 and 2b exhibit several bands contrarily to complexes 3 and 3b. Vibration modes of the pzpyF2p ligand, which is involved in the lowest virtual MOs, appear to participate to the vibronic structure of the emission spectrum of complex 2 computed using the adiabatic shift approach (see computational details); these facts are likely to explain the structured phosphorescence spectrum of this complex. On the contrary, such an influence of ligand on the emission spectrum is not observed for complex 3. One of the tools to characterize the principal vibrational progressions and the normal modes involved in the electronic transition in the AS method that we used, is called the shift vector (Figures S7 and S8 for complexes 2 and 3, respectively). The shift vector corresponds to the gradient of the final state projected on the normal modes of the initial state. [START_REF] Vazart | Vibronic Coupling Investigation to Compute Phosphorescence Spectra of Pt(II) Complexes[END_REF] The shift vectors of complexes 2 and 3 are rather different. Indeed, it appears that complex 2 possesses more normal modes with a strong shift vector (Figure S7) than complex 3 (Figure S8), leading to a larger vibrational contribution to the electronic transition. This fact could explain the differences in the phosphorescence spectra between both complexes. 

Conclusion

In this article we have provided explanations of the optical (absorption and emission) properties of six new iridium complexes using quantum chemistry computations. As recently stated by some authors, the computational protocol that we used to perform excited state investigations on Ir(III) complexes seems to be efficient, e. g. B3PW91/LANL2DZ+pol. [START_REF] Vazart | Validation of a computational protocol to simulate near IR phosphorescence spectra for Ru(II) and Ir(III) metal complexes[END_REF][START_REF] Latouche | TD-DFT Benchmark on Inorganic Pt(II) and Ir(III) Complexes[END_REF] Complexes 2 and 3 have shown a strong phosphorescence signature, which have been nicely reproduced and rationalized in our simulations. Indeed, the simulated phosphorescence spectra using the VMS approach allowed a direct vis-à-vis between experiment and simulations.

  R=CF 3 ; [Ir(pimf)(pzpy)] (1b) R= t Bu; [Ir(pimb)(pzpy)] R=CF 3 ; [Ir(pimf)(pzpyF 2 p)] (2b) R= t Bu; [Ir(pimb)(pzpyF 2 p)] Ir and augmented with polarization functions on C(d; exponent 0.587), N(d; 0.736), F(d; 1.577) Ir(f; 0.938).[63-66] Solvent effects (CH2Cl2) have been taken into account by the Polarizable Continuum Model (PCM).[67, 68] All the GS geometries have been optimized and checked to be true minima on the Potential Energy Surface (PES), i.e. the computed frequencies of their normal modes of vibration are all real. Grimme's corrections for dispersion with Becke-Johnson damping (GD3BJ) have also been included in the computations.
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 1 Figure 1. Frontier orbitals diagram of complex 1.

Figure 2 .

 2 Figure 2. Simulated absorption (top) and Observed Absorption and Luminescence Spectra (bottom).

2 3 Figure 3 .

 233 Superimposed GS and ES geometries of complexes 2 (left) and 3 (right).

Figure 4 .

 4 Figure 4. Simulated Phosphorescence Spectra of Complexes 2, 2b, 3 and 3b.

Table 1 .

 1 Selected experimental and computed structural data of complex 1. In average the computed M-L bond lengths fit nicely the observed ones, even if a slight underestimation in the simulation is observed. The angles around the metal are also well reproduced in our calculations with a deviation of less than 1° in comparison to the X-ray data. This trend also matches what some of us have reported before, i. e.

	Bond lengths (Å)	Ir-C	Ir-N	
		1.965(5)	2.046(3)
	X-ray	2.078(5)	2.052(4)
		2.056(4)	2.038(4)
		1.969	2.028	
	DFT	2.039	2.047	
		2.040	2.031	
	Angles (°)	C-Ir-C	N-Ir-N	C-Ir-N
	X-ray	154.9(18) 155.6(15) 178.7(18)
	DFT	155.7	156.9	179.5

Table 2 .

 2 Experimental and calculated vertical excitations maxima.

	Cplx	λExp /nm (ε) a	λCalc/nm (f) b	λmax/nm
	1	316 (21.9) 406 (0.8)	317 (0.204) 320 0.033) 390 (0.003)	317 390
	1b	318 (21.7) 409 (0.9)	397 (0.002) 309 (0.146) 322(0.204)	318
	2	323 (21.6) 407 (0.9)	318 (0.079) 328 (0.130) 393 (0.010)	324 393
	2b	325 (23.5) 418 (1.7)	324 (0.072) 334 (0.111) 401 (0,007)	329 400
	3	338 (23.3) 431 (0.9)	325 (0.070) 327 (0.183) 399 (0.008)	326 399
	3b	345 (20.4) 433 (0.7)	332 (0.309) 333 (0.156) 407(0.005)	333 407
	a 10 -3 M -1 cm -1		
	b Oscillator strengths		

Table 3 .

 3 Band assignments of complexes 1 and 2.

			1
	λCalc (nm)	f	Transitions
	390	0.003	HOMO ⟶ LUMO (98%)
	347	0.033	HOMO ⟶ LUMO+1 (89%)
	320	0.033	HOMO-3 ⟶ LUMO (52%) HOMO-2 ⟶ LUMO+1 (39%)
	317	0.204	HOMO-2 ⟶ LUMO (72%)
	302	0.209	HOMO-2 ⟶ LUMO+1 (54%) HOMO-3 ⟶ LUMO (42%)
	280	0.239 HOMO-3 ⟶ LUMO+1 (82%)
			2
	393	0.010	HOMO → LUMO (95%)
	351	0.031	HOMO → LUMO+1 (86%) HOMO-2 → LUMO (10%)
	328	0.130	HOMO-2 → LUMO (74%)
	318	0.079	HOMO-3 → LUMO (50%) HOMO-2 → LUMO+1 (31%)
	305	0.230	HOMO-2 → LUMO+1 (56%) HOMO-3 → LUMO (36%)
	285	0.217	HOMO-1 → LUMO+3 (44%) HOMO-3 → LUMO+1 (27%)
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